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缩略语 英文全名 中文全名 
AEC 3- amino-9-ethylcarbozole 3-氨基-9-乙基卡唑 
APC antigen presenting cell 抗原提呈细胞 
APC allophycocyanin 别藻蓝蛋白 
BCA bicinchoninic acid 二喹啉甲酸 
BrdU 5-bromo-2-deoxyuridine 5-溴尿嘧啶 
BSA bovine serum albumin 牛血清白蛋白 
BTX α-bungarotoxin α银环蛇毒素 
CTL cytotoxic T lymphocyte 杀伤性 T 淋巴细胞 
CTLD C-type lectin domain, C 型凝集素结构域 
DC dendritic cell 树突状细胞 
ELISA enzyme linked immunosorbent assay 酶联免疫吸附实验 
ELISPOT enzyme linked immunospot 酶联免疫斑点试验 
FBS fetal bovine serum 胎牛血清 
FCM  flow cytometry 流式细胞术 
GM-CSF granulocyte-microphage colony- stimulating factor 
粒细胞-巨噬细胞集落刺激 
因子 
HBcAg hepatitis B virus core antigen HBV 核心抗原 
HBeAg hepatitis B virus e antigen HBV e 抗原 
HBsAg hepatitis B virus surface antigen HBV 表面抗原 
HBV hepatitis B virus 乙型肝炎病毒 
HCC hepatocellular carcinoma 肝细胞癌 
IFN-γ interferon-γ 干扰素-γ 
LDH lactate dehydrogenase 乳酸脱氢酶 
LPS lipopolysaccaride 脂多糖 
MAPK mitogen activated protein kinase 丝裂原活化的蛋白激酶 
MFI mean fluorescent intensity 平均荧光密度 
MHC major histocompatibility complex 主要组织相容性复合体 
MLR mixed lymphocyte reaction 混合淋巴细胞反应 
MR mannose recepor 甘露糖受体 
nAChR nicotinic cholinergic receptor 烟碱性胆碱能受体 
OVA ovalbumin 鸡卵白蛋白 
PBS phosphate buffered saline 磷酸盐缓冲液 
PRR pattern recognition receptor 模式识别受体 
TAP transport associated protein, 转运相关蛋白 
    Tc tubocurarine 筒箭毒碱 
TCR T cell receptor  T 细胞受体 
Th T helper cells 辅助性 T 淋巴细胞 
TLR toll like receptor Toll 样受体 































乙型肝炎病毒（Hepatitis B Virus, HBV）感染是一个全球性的公共健康问题，
其慢性感染引起的病毒性肝炎是严重威胁人类健康的常见病和多发病。目前对
HBV 的慢性感染尚缺乏非常有效的治疗手段。临床上具有持续性疗效的方法是
利用 IFN-α 进行系统治疗，可在 40％患者体内取得抑制 HBV 复制的效果，但
仅有 5%～10％接受治疗的患者 HBsAg 转阴。此外，利用核酸类似物如拉米夫
定(lamivudine)进行治疗可以快速降低血清 HBV DNA 水平并使得症状好转，但
短期治疗会导致肝病迅速复发，长期治疗易形成抗性病毒变异株。近来对 HBV
感染的过继性免疫治疗研究日益增多，过继免疫治疗普遍采用体外抗原负载树
突状细胞（Dendritic Cell, DC）后回输体内的方法，如将 HBsAg 负载的 DC 回
输至 HBV 耐受者体内，可诱导出 HBV 特异性的免疫反应，抑制病毒复制，但
这种方法诱导 DC 抗病毒的效率有待提高。因此，发现新的抗 HBV 的治疗方案
非常必要。 
DC 是体内功能最强的抗原提呈细胞（Antigen Presenting Cell, APC），作为
适应性免疫应答的启动者，在机体抗病毒免疫反应中发挥重要作用。有研究发





体抗肿瘤和抗病毒都需要抗原特异性的杀伤性 T 细胞（Cytotoxic T 
Lymphocyte, CTL），因此我们推测尼古丁刺激的 DC 对机体抗 HBV 的免疫
反应具有相似的效果。本研究是将尼古丁刺激 DC 用于抗病毒的尝试和探
索。 
本研究中，我们首先以 Western Blot 和流式细胞术（Flow Cytometry, 
FCM）的方法检测尼古丁刺激后 DC 表面 CD80 和甘露糖受体（Mannose 















的表达明显提高，MR 的平均荧光密度（Mean Fluorescent Intensity, MFI）从
63.68 增加到 76.35。然后，我们以尼古丁刺激 DC，联合 HBV 抗原或抗原肽
负载后，与同种异型 T 淋巴细胞进行混合淋巴细胞反应（Mixed Lymphocyte 
Reaction, MLR），分别以 BrdU 掺入实验和酶联免疫吸附实验（Enzyme Linked 
Immunosorbent Assay, ELISA）检测 HBV 特异性 T 细胞的增殖和 IL-12 的分泌。
我们发现，尼古丁刺激可增强 DC 介导 HBV 特异性 T 细胞增殖的能力，并促进
MLR 中 IL-12 的分泌。表明尼古丁刺激可增强 DC 的抗原提呈功能并促使 DC
诱导 Th0 向 Th1 方向极化。我们又进一步将尼古丁处理联合 HBV 抗原负载的
DC 回输至小鼠体内，以酶联免疫斑点试验（Enzyme Linked Immunospot, 
ELISPOT）检测 HBV 特异性 CTL 的增殖，乳酸脱氢酶（Lactate Dehydrogenase, 
LDH）释放法检测 CTL 的功能。结果显示，尼古丁刺激可增强 DC 诱生 HBV
特异性 CTL 的能力，并对靶细胞具有特异性杀伤功能。考虑到临床应用的可能
性，我们比较了尼古丁与 IFN-γ、IL-15 和 IL-18 在增强 DC 功能上的优劣，结
果发现：在介导HBV特异性T细胞增殖方面，尼古丁刺激DC的效果优于 IFN-γ，
与 IL-15和 IL-18相似；在促进 IL-12分泌方面，尼古丁刺激DC的效果优于 IFN-γ
和 IL-15，与 IL-18 相似。最后，我们通过阻断相关的信号通路初步探讨了尼古
丁刺激增强 DC 功能的可能机制，细胞增殖实验和 ELISA 检测的结果均表明，
尼古丁对 DC 的刺激作用与 PI3K/Akt 和 MAPK 通路相关。 
通过以上研究，我们证明了尼古丁刺激DC可增强机体抗HBV的免疫反应，
尤其是可更有效的诱导出具特异性杀伤作用的 CTL，且尼古丁刺激 DC 的作用
优于或类似于 IFN-γ、IL-15 和 IL-18，为进一步研究有效的抗 HBV 的免疫治疗
方法提供了依据。 















More than 2 billion people alive today have been infected with hepatitis B virus 
(HBV) at some time in their life worldwide, and of these, about 350 million remain 
infected. Although many cases of chronic HBV infection can resolve spontaneously, 
some still progress to cirrhosis and hepatocellular carcinoma, which kill 1 million 
people every year. Thus, HBV infection had become a major public health problem. 
Treatment with IFN-α displayed persist effectiveness and could inhibit HBV DNA 
replication in 40% patients in clinic, but HBsAg only disappeared in 5%~10% 
subjects. Lamivudine, a kind of nucleic acid analog, was widely used and had proved 
an effecive drug against HBV infection. But a relapse of liver disease was often 
observed if lamivudine was withdrawed during the treatment, while mutant viruses 
could appear with high possibility if it was used for a long period. Adoptive 
immunotherapy, which explored the transfer of in vitro cultured DCs, had showed 
promising prospect . However, the efficacy was still not satisfying. Thus, noval 
therapeutic strategies should be developed to deal with HBV infection.  
Dendritic cells (DCs) are the most potent antigen-presenting cells (APCs) with 
unique ability to stimulate naive T lymphocytes, and are key players in anti-viral 
immune response. However, impaired DCs functions had been found in CHB 
patients. DCs in CHB patients had lower expression of surface costimulatory 
molecules, decreased cytokine production and reduced capacity of antigen 
presentation, which result in their failure to trigger efficient cellular immune 
responses against HBV. Nicotine is a major component of cigarette smoke, and had 
been used in the treatment of neurodegenerative diseases, ulcerative colitis and 
Tourette syndrome. Our previous studies demonstrated that nicotine had 
stimulatory effects on immature DCs, and adoptive transfer of nicotine 
stimulated DCs could achieve anti-tumor effects preventively and 















mechanism to achieve tumor eradication and virus clearance, we proposed that 
nicotine stimulated DCs could exhibit a smilar effect against HBV infection. 
Our study could be recognized as a trial or an exploration of nicotine stimulated 
DCs on anti-virus application. 
In our study, bone marrow derived DCs were firstly stimulated with nicotine for 
12 hours and the expression of CD80 and mannose receptor (MR) were measured by 
Western blot and flow cytometry. We found that nicotine stimulation could notably 
upregulate CD80 expression with the mean fluorescent intensity (MFI) enhanced 
from 63.68 to 76.35. When HBV specific MLRs were performed with nicotine 
treated DCs and allotype T lymphocytes, we found that nicotine could augment 
HBV-specific T lymphocytes proliferation and promote IL-12 secretion as 
determined by BrdU cell proliferation assay and ELISA, indicating that nicotine 
could improve DCs’ antigen presenting ability and facilitate Th1 polarization. Then, 
the HBV specific CTLs priming and their activities were futher studied by 
intraperitoneally transfer of nicotine treated DCs. The results were determined by 
enzyme-linked immunospot assay (ELISPOT) and  lactate dehydrogenase (LDH) 
release assay respectively. Our data suggested that adoptive transfer of nicotine 
stimulated DCs could induce HBV specific CTLs priming in vivo and those CTLs 
had cytolytic activities. We further compared nicotine’s stimulation effect on DC 
with IFN-γ, IL-15 or IL-18, and found that nicotine was better, or as well as them 
both on DCs meadiated T cell proliferation and IL-12 secretion. Finally, we 
investigated the possible mechanism by which nicotine exerted its effect on DC , and 
found that PI3K/Akt and MAPK signalling pathway were involved. 
In conclusion, our results indicated that nicotine stimulated DCs could enhance 
HBV specific immune response, especially could induce more funtional HBV 
specific CTLs. Notably, nicotine had better or smilar effect on DCs compared to 
IFN-γ, IL-15 or IL-18. All the data indicated that nicotine might be a promising 
candidate in the preparing of cellular vaccine against HBV infection. 
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超过 20 亿人曾感染过 HBV，其中约 3.5 亿发展为慢性感染[1]。HBV 携带者的
母亲可以通过垂直传播使婴儿受染，婴儿时期感染 HBV 者，90%以上成为慢性
HBV 携带者[2,3]，随着年龄的增长，可反复发作肝炎，演变为慢性肝炎、肝硬
化、肝衰竭和 HCC。因此 HBV 危害极大，已成为重大的公共卫生问题。 
目前，慢性乙型肝炎的治疗方法主要包括：1、利用 IFN-α进行系统治疗。






的角色[7]。DC 能够摄取入侵病毒的抗原并启动初始免疫应答，促使初始 T 细胞
转化为效应性 T 细胞和病毒抗原特异性 CD8+记忆性 T 细胞而发挥抗病毒效应
[8]。但在 HBV 感染者体内发现了 DC 功能的缺失，以及由此导致的免疫系统对
HBV 的耐受或免疫忽视[9-11]。研究表明，在 HBV 慢性感染者中，DC 表达共刺
激分子及 MHC-I 类和 MHC-Ⅱ类分子的水平明显低于正常，同时刺激 T 淋巴细
胞增殖和细胞因子分泌的能力亦低于正常，并进一步造成 HBV 特异性 CTL 功
能不足，导致 HBV 持续性感染[12-14]。因此，寻找可以重新激活体内适应性免疫
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